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Abstract 
Cognitive processes seem to be highly activated when curiosity intervenes as motivational energy in the classroom. This 
conclusion is reached after a teaching experience in a Metallurgy class, with students from a technical school with low interest in 
learning and studying. Unlike the traditional sequence of teaching materials in which crystalline and atomic models are studied 
from the literature to later arrive at a phase diagram; this experience begins directly in the laboratory with students doing cooling 
curves for the alloy of two metals. After this, students make metallographic specimens with the solidification obtained. This 
experience results in a research activity by which students observe a phenomenon, measure values, verify changes and transform 
two metals in a number of phases before they study the theory. In this way, students understand the theoretical explanation as a 
necessary element to further delve into the scientific activity as opposed to pre-established knowledge that is imposed on them.   
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1. Introduction 
Students’ little interest in learning is a topic frequently discussed in the educational arena. Although there are 
many problems today’s students present which cannot be addressed by teachers directly in the classroom due to their 
socio-economic nature, there exists a widespread phenomenon connected with the communication industry which 
calls for teachers intervention because of its growing negative impact on students. A direct consequence of this ever-
thriving industry has to do with the kind of language and attitudes it seems to trigger in students, which stand in 
stark contrast to the cognitive and intellectual development needed to become fully rounded citizens. To some 
extent, the communication industry not only seems to represent the antithesis of intellectual growth but it 
systematically eliminates any possibility of appealing to “human curiosity” since everything is given and only 
observation is needed. Curiosity is a powerful attribute that mobilizes the mind and the will to learn and, if used 
correctly, it can become a tool for human development and intellectual growth with a greater impact on the students 
than a thousand words spoken by the most trained pedagogue. The purpose of this paper is to introduce a practice to 
theory methodology by which curiosity becomes the antidote to distraction and mindless behavior. 
The proposed methodology is based on the paradigm of knowing as knowing how to do something. This means 
that the individual who studies only to teach something will only be able to teach it; whereas the individual who 
studies in order to learn to do something will also be able to teach it. This idea leads to another paradigm: studying 
something to be applied. With these ideas underlying the activities in the Metallurgy or Materials class, the students 
are provided with a tool to not only obtain academic and intellectual growth but also to help boost their self-esteem 
and self-worth from the satisfaction of being able to accomplish mind-challenging tasks in the classroom as opposed 
to merely falling prey to the distraction caused by communication devices. By the same token, teachers have the 
chance to instill moral and ethical values in students and to guide them towards autonomy and self-actualization. As 
Shnirtzon (1997) states “the true educator not only teaches facts but also teaches the young person to think for 
themselves, to find answers to their own questions based on the learned principles without the need to depend on a 
teacher or their parents to solve a problem” (p. 68). 
The present proposal is also motivated by the fact that many students are unable to remember what they read or 
listen to after having spent some time on a task, which leads to the need to find new paths towards memorable 
learning. The experience reported here was carried out with students in their last years of an Argentine technical 
high school, who started the Metallurgy class by casting metals directly in the laboratory. By means of this practice 
to theory methodology instead of the traditional classroom sequence, by which the practice is only a byproduct of 
the theory, students become truly engaged in learning overcoming any distraction that might come their way. 
2- Experimental Procedure / Methodology 
The Metallurgy teaching methodology proposed here has the teaching of theoretical concepts as means to further 
elucidate what happens at an experimental level as opposed to an experimental class being a verification stage of 
what was learned in the theory. The learning activity begins in the laboratory where research assignments usually 
take place. However, students move from the classroom to the laboratory and vice versa depending on the steps 
taken towards the development of the topic. The following materials are used: a muffle furnace (up to 1100 °C), 
silicon carbide crucible, a thermocouple, a thermocouple case, a digital thermometer, materials such as Pb, Sn, Zn, 
Al, Mg, Cu, material and equipment to make metallographic specimens, a polishing machine, a grinder, reagents to 
attack test tubes, metallographic microscope, graphic durometers of phase diagrams (Metals Handbook), a projector 
(to show metallographic specimens, diagrams or any other picture), and a clear set of notes that details the sequence 
of procedures to follow.
The methodology consists in guiding the students directly to the casting of two metals according to mass fraction. 
Students are asked to cut and weigh the materials by themselves. Then, students heat the metals until they are cast. 
They also become engaged in secondary activities such as pouring the metal, adding soldering paste, and introducing 
the thermocouple in the case so that it can be removed as shown in Figure 1.   
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Fig. 1.  Cubicle used to let the metals cool down. Crucible with metal (a), thermocouple (b) and digital thermometer (c).
  
When the metal reaches the desired temperature, the crucible is extracted and it is surrounded by a cubicle of 
bricks so as to avoid immediate cooling. Students leave the metal to cool down and keep track of the different 
temperatures observed and the corresponding cooling times. This detailed recording of data will enable students to 
draw a cooling curve in order to find the critical points and single them out. Each group carefully writes down the 
data obtained, the materials and proportions used. 
Once the students obtain the critical points, the class moves on to the explanation of its relevance and how they 
are applied in a phase diagram in the classroom. Students are introduced to the different phase diagrams, learning 
different concepts connected with them such as the lever rule, eutectic cooling and its types, heat of fusion, heat of 
solidification, solid solutions Į and ȕ, among others. Completed this section we return to the laboratory, students 
work on the metallographic specimens from the pieces of metal obtained in order to observe the different phases 
connected with the corresponding diagram. Since students have already learned to obtain data from a phase diagram, 
when they observe the metallographic photographs students are ready to understand the difference between 
theoretical information and the actual results obtained in the activity. In order to avoid distortions, the teacher gives 
the probes a final finish if students are not able to do so. As a closing activity, students work on a digital portfolio 
which is re-visited in subsequent classes or in instances of assessment.  
All the work done is the starting point to teach students the models in Physics that have been elaborated by 
scientists to explain what they see at the laboratory. This means that students work on concepts such as 
solidification, dendritic growth to later on move on to crystalline networks, unit cells, and to finally discuss the atom, 
the atomic model and the periodic table of elements. 
Again, the class returns to the laboratory to make different tempered carbon steel samples. The test tubes to be 
tempered are heated in the heating muffle in an iron box covered with grey cast iron shavings so that they do not 
decarbonize. 
At this point students learn how to temper a small piece of steel. Each bar is cut into two but just one is subjected to 
tempering. Both pieces- the tempered and the non-tempered one - are later on used to learn how to measure hardness 
and to make metallographic specimens.  During the steel tempering process students are taught about allotropic 
changes of steel by making use of a board and of an iron/carbon diagram. When the time comes, the tempered 
samples are cooled in oil or water. 
                                           
             
Fig. 2. The carbon steel tempering experience. Pieces of steel immersed in grey cast iron shaving (a). Iron box
In a subsequent theory session, the Fe- iron carbide diagram is discussed the same way, the others diagrams, were 
explained but the cooling curves will be imaginary ones starting from the Fe-C diagram. In this way the teacher can 
ď
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go on with the development of the concepts according to students’ interests, job possibilities or future research 
projects.   
Throughout the process, students are exposed to some tension that triggers their curiosity to determine what 
happens at the end of the activity. This first exposure to the laboratory activity itself impacts students in a way that 
determines the effectiveness of the rest of the activity in terms of memorable learning. Even though any literate 
person today can read a book or understand a lecture, the mind finds it difficult to remember information that goes 
unnoticed; however, that same information will become memorable if it is mediated by curiosity. To our mind, 
information is just a component of education and a rather primitive one. The proposed methodology aims at 
eliminating the idea of information transmission as the fundamental argument behind education practices. 
3. Results and Discussion  
The exams designed to assess students’ performance show that they obtained a 100% on those questions 
connected with the experimental aspects of the topic and a 50% on those answers that required some additional 
study of concepts developed in the theory class. This last result points to the need to work on strategies to motivate 
students to study or review the notes of previous classes. In order to achieve this, teachers could work on a set of 
notes that match the kind of work done in class so that the students can review it at home on their own without 
major difficulty.  
Here is an example of a test done by students:   
       The Al-Zn diagram shows a 20%Zn -80%Al alloy, similar to the one developed at the laboratory.  
1- Draw the phases at points 1, 2, 3, 4 and 5. 
2- What percentage of solid and liquid matter is there at 600°C? 
3- Why will point 5 show a granular structure?  
4- Taking into account the data on the diagram, what was the cooling curve like? Draw it. 
5- What kind of diagram is the one inside the frame? 
Fig. 3. Al-Zn phase diagram included in the test 
Even though planning classes following the proposed methodology may increase teachers’ ever-expanding 
workload, the qualitative results obtained here make the effort worthwhile. At the end of the Metallurgy course, 
almost all the students in the class were able to make reference to practical as well as theoretical aspects of the 
topics developed. An 80% of the class reported enthusiasm and interest in learning about related concepts. As well 
as this, some dropout risk students who believed they were incapable of studying topics like the ones described here, 
expressed their intention of pursuing an engineering career path.  
In the introduction of the present paper we made reference to the social problem generated by the communication 
industry, especially the impact it has on students’ attention-related behavior. The methodology proposed helps 
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overcome the obstacles posed by this phenomenon by engaging students in the learning process on the onset of the 
activity and by providing the teacher the opportunity to make contact with the students without interruptions. Once 
the students’ attention is on the activities carried out in the class, teachers have different opportunities to discuss the 
importance of studying to become well-rounded individuals, even in a Metallurgy class.  They have a chance to 
show students that their “I am not capable of doing this” is not a valid answer when things become difficult. If 
students are shown how to find satisfaction in what they can achieve on their own by pursuing a specific goal, their 
need to be dependent on external stimuli may start dissipating.   
Beyond the need to help students build knowledge in certain fields, it is necessary to help them build self-
confidence on the basis of ethical and moral values. We believe that the role of a technician or an engineer in society 
is that of a leader, whose actions are worth imitating. By showing students the inherent beauty in the creation, the 
fantastic organization of metals and the marvels of their molecular world, teachers are providing students with an 
opportunity of discovering the world around them that inevitably leads to their self-discovery as well.    
4. Conclusion 
Readers teaching in the university context may wonder whether this experience can also be carried out at this 
level, characterized by more pressing demands in connection with the effective development of topics usually on a 
tight schedule. At present, similar teaching sequences are taking place at National Technological University at 
Paraná with results as good as the ones obtained in the high school level. The implementation and the discussion of 
benefits and obstacles will be the contents of a future paper.  
The results obtained by means of this methodology are positive both for the students and teachers as well. 
Students gain, on the one hand, expert knowledge of concepts which are usually difficult to grasp meaningfully and 
which will become a necessary part of their knowledge base if they decide to pursue a university career. On the 
other hand, students also have the opportunity to experience a change of attitude towards learning which may lead to 
a change in their current patterns of undesirable behavior in the classroom triggered by their over-dependence on 
communication devices.  As regards teachers, this methodology represents a challenge that results in professional 
growth since they have to reformulate their teaching belief systems in order to open themselves to new paths that 
effectively lead to students’ memorable learning.  
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